Fourteen dibromopyrrole alkaloids were isolated from the marine sponge Acanthostylotella sp. collected in Indonesia. In addition to the known compounds 4,5-dibromo-N-(methoxy-methyl)-1H-pyrrole-2-carboxamide (7), 4,5-dibromo-1H-pyrrole-2-carboxamide (8), mukanadin D (9), (±)-longamide B methyl ester (10), (±)-longamide B (11), (±)-longamide (12), 3,4-dibromo-1H-pyrrole-2-carboxamide (13), 2-cyano-4,5-dibromo-1H-pyrrole (14), six compounds were isolated that proved to be new natural products including acanthamides A -D (1 -4) , methyl 3,4-dibromo-1H-pyrrole-2-carboxylate (5) and 3,5-dibromo-1H-pyrrole-2-carboxylic acid (6). The structures of the new compounds were unequivocally identified based on one and two dimensional NMR and on HRFTMS as well as by comparison with the literature.
Bromopyrrole alkaloids are characteristic secondary metabolites found in marine Porifera belonging to several genera including Axinella, Agelas, Acanthella, Pseudaxinyssa, and Hymeniacidon [1] . Examples of these metabolites include hymenialdisine [2] , manzacidins [3] , longamides [4, 5, 6, 8] , hanishin [6, 7] , and mukanadins [9, 10] . Some of them exhibited bioactivities such as antihistamine [11] , cytotoxicity [12] , and antimicrobial activities [6] . For example, hanishin is cytotoxic toward NSCLC-N6 human non-small-cell carcinoma cells (IC 50 9.7 µg.mL -1 ), longamide B displays antimicrobial activity against gram-positive bacteria (Bacillus subtilis ATCC #6538; MIC 50 µg.mL -1 ), its methyl ester shows activity against P388 lymphotic leukemia cells (ED 50 30 µg.mL -1 ) [6] , and the hymenialdisines are potent inhibitors of different protein kinases [13] . During our search for bioactive secondary metabolites from marine organisms, we previously reported isolation of several bromopyrrole alkaloids from Agelas [14] , Axinella [15] , and Stylissa [15] . In this study, we investigated an undescribed species of the genus Acanthostylotella (Demospongiae, Poecilosclerida, Raspailiidae), collected in Indonesia. This afforded six new dibromopyrrole alkaloids (1 -6) in addition to eight known compounds.
Total methanolic extract of the marine sponge Acanthostylotella sp. was fractionated using liquidliquid partition technique. Ethyl acetate soluble fraction of the extract was subjected to VLC performed on silica gel followed by Sephadex LH-20 column chromatography and preparative HPLC to yield the new compounds acanthamide A (1), acanthamide B (2), acanthamide C (3), acanthamide 1 H-1 H COSY, the HMBC spectra confirmed the nature of the side chain and its attachment to C-2 of the pyrrole ring. The 1 H-1 H COSY spectrum further disclosed the presence of one spin system extending from NH-7 to the methylene group at C-10 passing over two other methylene groups at positions 8 and 9. The HMBC spectrum unambiguously proved the attachment of the side chain to the carbonyl group C-6 by exhibiting correlations between both the amide proton (NH-7) [δ H 8.12 (t, 6.3 Hz)] and the methylene protons at C-8 [δ H 3.20 (q, 6.3 Hz)] to the carbonyl carbon C-6 (δ C 159.7). Also, the HMBC spectrum confirmed the presence of a methyl ester group (CH 3 -12) whose protons [δ H 4.00 (s, 3H)] showed correlations together with those from the methylene protons at C-9 and C-10 to the same carbonyl carbon C-11 (δ C 173.9). From these data, compound 1 was identified as methyl 4-(3,4-dibromo-1H-pyrrole-2-carboxamido) butanoate which was named acanthamide A. + , ∆ +2.5 ppm) which differs from that of 1 by the lack of 14 amu. In the 1 H-NMR spectrum of 2, one methylene group present in the spectrum of 1 [δ H 1.70 (m, 2H)] is missing. The structure of 2 was unambiguously established based on 1D and 2D-NMR including 1 H-NMR, and 1 H-1 H COSY ( Table 1) . The 1 H-1 H COSY spectrum exhibited an aromatic proton [δ H 6.86 (d, 2.5 Hz)] at C-5 next to the NH proton as observed for compound 1. The nature of the side chain attached at C-2 of the pyrrole ring was deduced based on the 1 H-1 H COSY spectrum which revealed the presence of a CO(NH)-(CH 2 ) 2 -unit thus confirming the connectivity from the amide (NH-7) to the methylene group (CH 2 -9) through the methylene group at position 8. Thus, the structure of 2 was assigned as methyl 3-(3,4-dibromo-1H-pyrrole-2-carboxamido) propanoate; acanthamide B which differs from acanthamide A by lack of one methylene group in the side chain.
NPC Natural Product Communications
The molecular formula of acanthamide C (3) was established as C 10 -, ∆ +3.6 ppm). Derivatives of compound 5 exhibiting either a triisopropylsilyl or a methoxycarbonyl group as substituents of the pyrrole nitrogen atom had been reported as synthetic products by Handy and Zhang in 2006 [18] . In our study, 5 was obtained for the first time as a naturally-occurring bromopyrrole alkaloid. The 13 C NMR spectrum showed 6 signals representing one methoxy group and five sp 2 carbons including one methine group and four fully substituted carbons.
1 H and 13 C NMR data of 5 (Table 2) were similar to those of the known related compounds methyl 4,5-dibromo-1H-pyrrole-2-carboxylate (5A) [12, 16] , and methyl N-methyl-4,5-dibromopyrrole-2-carboxylate [19] . The structure of 5 was further confirmed by interpretation of 1 H-1 H COSY, and HMBC spectra. The 1 H-1 H COSY spectrum showed a cross peak between the NH proton and the aromatic proton H-5 [δ H 6.88 (d, 2.8 Hz); δ C 117.9]. The HMBC spectrum (Figure 1 ) supported the presence of the aromatic proton at C-5 and also revealed correlations between H-5 to C-2 (δ C 123.7) and C-3 (δ C 107.1). The presence of a methyl ester group [δ H 3.87 (3H, s)] was deduced from correlation of the methyl protons to the carbonyl group C-6 (δ C 160.2). Moreover, the methyl ester protons showed a HMQC correlation to C-7 (δ C 52.0). Therefore, 5 was confirmed to be methyl 3,4-dibromo-1H-pyrrole-2-carboxylate .
The molecular formula of 3,5-dibromo-1H-pyrrole-2-carboxylic acid (6) was suggested to be C 5 H 3 Br 2 NO 2 by HRESIMS (m/z 265.
[M-H]
-, ∆ +5.6 ppm). The structure was completely elucidated by 1D and 2D-NMR spectral analyses including 1 H, 13 C NMR, and HMBC (Table 2) , in addition to comparison of the data with those of structurally related compounds which are dibrominated at positions 4 and 5 or 3 and 4 of the pyrrole ring, like in the known compounds 8 and 13, respectively. The 13 C-NMR spectrum of 6 was similar to those of 8 and 13. It revealed the presence of five sp 2 carbons including one methine carbon (δ C 114.4) and four fully substituted carbons including one carbonyl carbon (δ C 161.9). Also the 1 H-NMR spectrum showed one aromatic proton [δ H 6.60 (s)] attached to C-4 (δ C 114.4) while no signals for the NH 2 between 7 to 8 ppm were observed as found in the known congeners 8 and 13. Both 1 H and 13 C-NMR values of C-4 were similar to those observed in related compounds as in hymenialdisine [2], axinohydantoin [20] , and spongiacidin D [21] . The HMBC spectrum (Figure 1 ) exhibited correlations between H-4 to carbons C-2 (δ C 129.6) and C-5 (δ C 103.3). Accordingly, 6 was deduced to be 3,5-dibromo-1H-pyrrole-2-carboxylic acid. Compounds 5 and 6 were found as major secondary metabolites in this sponge, they were together exposed to the same conditions during the whole chromatographic procedures. However, neither the free carboxylic acid of 5 nor the ester of 6 was obtained. Moreover, the presence of both methyl and ethyl esters as secondary metabolites is reported in literature [7, 8] . For analytical HPLC analysis, samples were injected into a HPLC system equipped with a photodiode array detector (Dionex, Munich, Germany). Routine detection was at 235, 254, 280, and 340 nm. The separation column (125 × 4 mm ID) was prefilled with Eurosphere 100-5 C-18, 5 µm (Knauer, Berlin, Germany). Separation was achieved by applying a linear gradient from 90% H 2 O (pH 2.0) to 100% MeOH over 40 min. TLC analysis was carried out using aluminum sheet precoated with silica gel 60 F 254 (Merck, Darmstadt, Germany).
Preparative HPLC separations were performed on a Varian HPLC machine, pump Prepstar 218, UVdetector Prostar 320 using a C18 column (Varian Dynamax Column, 250 mm length, 21.4 mm ID, flow rate 20 mL/min, UV detection at 280 nm, prepacked with Microsorb 60-8 C-18, with an integrated pre-column). Semi-preparative HPLC separations were done on a LaChrom-Merck Hitachi HPLC machine, pump L-7100, UV detector L-7400 using a C-18 column (Knauer, 300 × 8 mm ID, prefilled with Eurosphere 100-10 C-18, flow rate 5 mL/min, UV detection at 280 nm). For both preparative and semi-preparative HPLC separations, the solvent system consisted of MeOH and nanopure H 2 O that has been acidified with 0.1% formic acid.
Optical rotations were measured on Perkin-Elmer-241 MC polarimeter. UV absorbance measurements were carried out using Perkin-Elmer Lambda 25 UV-VIS spectrophotometer. ESIMS were obtained on a ThermoFinnigan LCQ DECA mass spectrometer coupled to an Agilent 1100 HPLC system equipped with a photodiode array detector. HRESIMS was recorded on a LTQ FT-MS-Orbitrap (ThermoFinnigan, Bremen, Germany). 1D and 2D NMR spectra were recorded at 300ºK on either a Bruker ARX-500 or AVANCE DMX-600 NMR spectrometer. Samples were dissolved in different deuterated solvents, whose choice was dependent on the solubility of each sample.
Extraction and Isolation:
The sponge was extracted with MeOH and the solvent was removed under reduced pressure. The crude extract was partitioned between H 2 O and EtOAc. The EtOAc soluble fraction was then subjected to VLC and eluted using a stepwise gradient system from 100% n-Hexane to 100% EtOAc, and from 100% DCM to 100% MeOH. Each fraction was purified by column chromatography using Sephadex LH-20 as a stationary phase and either MeOH or DCM:MeOH (1:1) as a mobile phase followed by either preparative or semi-preparative reversed phase HPLC (C18 Eurosphere 100) when required using the appropriate gradient elution of MeOH:H 2 O to afford 2 mg of compounds (1 -4) 
